A Gram-reaction-negative, aerobic, non-motile and rod-shaped bacterial strain designated Gsoil 636
T grew at 18-30 8C and at pH 6.0-8.0 on R2A medium. Gsoil 636
T possessed b-glucosidase activity, which was responsible for its ability to transform ginsenoside Rb 1 (ones of the dominant active components of ginseng) to F 2 . On the basis of 16S rRNA gene sequence similarity, Gsoil 636 T was shown to belong to the family Chitinophagaceae and to be related to Flavisolibacter ginsengiterrae Gsoil 492 T (96.7 % sequence similarity), Flavisolibacter ginsengisoli Gsoil 643 T (96.6 %) and Flavisolibacter rigui 02SUJ3 T (96.6 %). The G+C content of the genomic DNA was 48.9 %. The predominant respiratory quinone was MK-7 and the major fatty acids were iso-C 15 : 0 , summed feature 3 (comprising C 16 : 1 v6c and/or C 16 : 1 v7c) and iso-C 17 : 0 3-OH. DNA and chemotaxonomic data supported the affiliation of Gsoil 636 T to the genus Flavisolibacter. Gsoil 636 T could be differentiated genotypically and phenotypically from the species of the genus Flavisolibacter with validly published names. The isolate therefore represents a novel species, for which the name Flavisolibacter ginsenosidimutans sp. nov. is proposed, with the type strain Gsoil 636 T (KCTC 22818
During the course of a study to screen ginsenoside-converting aerobic bacterial strains in soil and sediment samples, several novel bacterial strains showing ginsenoside-converting activity were screened. Among them, a strain designated Gsoil 636 T isolated from soil of a ginseng cultivation field in Pocheon Province (South Korea) which could convert ginsenosides Rb 1 into ginsenoside F 2 became the subject of a taxonomic investigation. It is well reported that the efficacy of biotransformed ginsenosides (deglycosylated ginsenosides) such as Rg 3 , Rh 2 , F 2 and C-K generated from normal ginsenoside (Rb 1 , Rb 2 , Rc, Rd, Re, Rg 1 ) increases owing to enhancement of its hydrophobicity and cell wall permeability (Chang et al., 2014; Kim et al., 2014; Park et al., 2014) .
The genus Flavisolibacter was proposed to incorporate Gramreaction-negative, non-spore-forming, yellow-pigmented, non-motile rods (Yoon & Im, 2007) and allocated to the family Chitinophagaceae (Kämpfer et al., 2011) . It contains menaquinone-7 (MK-7) as the predominant respiratory quinone and iso-C 15 : 0 , summed feature 3 (comprising C 16 : 1 v6c and/or C 16 : 1 v7c) and iso-C 17 : 0 3-OH as the major fatty acids. The G+C content of the genomic DNA of this genus ranges from 42.7 to 46.4 mol%. At the time of writing, the genus consisted of three species with validly published names, including the recently described species; Flavisolibacter ginsengiterrae, Flavisolibacter ginsengisoli (Yoon & Im, 2007) and Flavisolibacter rigui (Baik et al., 2014) .
The aim of this study is to determine the taxonomic position of strain Gsoil 636
T by performing a phylogenetic analysis based on the 16S rRNA gene sequence, chemotaxonomic characteristics and phenotypic characteristics. The results of this study provide evidence that Gsoil 636
T represents a novel bacterial species.
Gsoil 636
T was originally isolated from soil of a ginseng cultivation field in Pocheon Province (South Korea) using the standard dilution-plating technique on R2A agar (BD) at room temperature. It was cultured routinely on R2A agar at 30 8C and preserved as a suspension in nutrient broth with (20 %, w/v) glycerol at 270 8C.
The genomic DNA of Gsoil 636 T , extracted using commercial DNA-extraction kit (Macrogen) was used in a PCR with the universal bacterial primer pair 9F and 1512R to amplify the 16S rRNA gene (Weisburg et al., 1991) . The purified PCR products were sequenced by Solgent (Daejeon City, South Korea; Im et al., 2010) . The almost complete (1431 nt) sequence of the 16S rRNA gene was compiled using SeqMan software (DNASTAR) and compared with the 16S rRNA gene sequences of related taxa, which were obtained from the GenBank database or [http://www. ezbiocloud.net/eztaxon; Kim et al. (2012) ]. Multiple alignments were made using the CLUSTAL_X program (Thompson et al., 1997) with gaps edited using the BioEdit program (Hall, 1999) . Evolutionary distances were calculated using the Kimura two-parameter model (Kimura, 1983) .
Neighbour-joining (Saitou & Nei, 1987) and maximum-parsimony (Fitch, 1971 ) phylogenetic trees were reconstructed using the MEGA 6 program (Tamura et al., 2013) , with bootstrap values based on 1000 replications (Felsenstein, 1985) .
The 16S rRNA gene sequences of the strain Gsoil 636 T determined in this study were continuous stretches of 1431 bp (base positions 23-1463 with respect to the Escherichia coli numbering system), which were deposited in a GenBank database (accession number GQ339897).
Sequence similarity values between Gsoil 636
T and other species of the genus Flavisolibacter, determined using the EzTaxon server, ranged from 96.6 to 96.7 %; Flavisolibacter ginsengiterrae Gsoil 492 T 96.7 % sequence similarity, Flavisolibacter ginsengisoli Gsoil 643 T 96.6 % and Flavisolibacter rigui 02SUJ3 T 96.6 %. The relationship between strain Gsoil 636
T and other members of the family Chitinophagaceae was also evident in the neighbour-joining tree, which used over 1350 nt ( Fig. 1 ). In this phylogenetic tree, Gsoil 636
T , Flavisolibacter ginsengiterrae Gsoil 492
T and Flavisolibacter rigui 02SUJ3
T formed a monophyletic group with a high bootstrap value (100 %), which was supported by the maximum-parsimony tree reconstruction method.
Flavisolibacter ginsengisoli Gsoil 643 T (AB267477)

Flavisolibacter ginsengiterrae Gsoil 492 T (AB267476)
Flavisolibacter rigui 02SUJ3 T (HQ436499)
Flavisolibacter ginsenosidimutans Gsoil 636 T (GQ339897)
Ferruginibacter alkalilentus HU1-GD23 T (FJ177530)
Ferruginibacter lapsinanis HU1-HG42 T (FJ177532)
Flavitalea populi HY-50R T (HM130561)
Lacibacter cauensis NJ-8 T (EU521690)
Segetibacter aerophilus 6424S-61 T (GQ421847)
Chitinophaga japonensis IFO 16041 T (AB078055)
Niastella populi THYL-44 T (EU877262)
Niastella koreensis GR20-10 T (DQ244077)
Niastella yeongjuensis GR20-13 T (DQ244076)
Hydrotalea flava CCUG 51397 T (FN665659)
Sediminibacterium salmoneum NJ-44 T (EF407879)
Filimonas lacunae YT21 T (AB362776)
Flavihumibacter petaseus T41 T (EU854577)
Terrimonas lutea DY T (AB192292)
Terrimonas aquatica RIB1-6 T (FJ347757) T and were obtained from our laboratory's storage box or culture collection, grown under the same conditions and used as reference strains in most of the subsequent phenotypic tests.
The Gram reaction was tested by the non-staining method, as described by Buck (1982) . Cell morphology was examined with a scanning electron microscope (SU-3500; Hitachi), using cells grown for 5 days at 30 8C on R2A agar. Catalase activity was determined by bubble production in 3 % (v/v) H 2 O 2 and oxidase activity was determined using 1 % (w/v) tetramethyl p-phenylenediamine (4, 10, 15, 18, 25, 30, 37, 42 and 45 8C) and various pH values (pH 4.5-10.0 at intervals of 0.5 pH units) was assessed after 7 days of incubation in R2A broth. Three different buffers (final concentration, 50 mM) were used to adjust the pH of R2A broth. Acetate buffer was used for pH 4.0-5.5, phosphate buffer was used for pH 6.0-8.0 and Tris buffer was used for pH 8.5-10.0. Salt tolerance was tested on R2A medium supplemented with 1-10 % (w/v at intervals of 1 %) NaCl and growth assessed after 7 days of incubation. Growth on nutrient agar (NA, BD), trypticase soy agar (TSA, BD) and MacConkey agar (BD) was also evaluated at 30 8C. Susceptibility to antibiotics was tested on R2A plates using antibiotic discs containing the following: ampicillin, 10 mg; cephalothin, 30 mg; nalidixic acid, 30 mg; gentamicin, 10 mg; kanamycin, 30 mg; streptomycin, 10 mg; erythromycin, 15 mg; chloramphenicol, 30 mg; tetracycline, 30 mg; lincomycin, 15 mg; neomycin, 30 mg; penicillin, 10 IU; vancomycin, 30 mg; cycloheximide, 10 mg; novobiocin, 10 mg; oleandomycin, 10 mg.
Rb 1 , Rc, Rd, F2, compound K (C-K) and protopanaxadiol ginsenodides (PPD; comprised of ginsenoside Rb 1 , Rc and Rd mainly) were purchased from Nanjing Zelang Medical Technology. The reaction mixture, containing 200 ml Rb 1 (2 mg ml
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) and 200 ml of a bacterial suspension inoculated in a R2A broth, was incubated for 5 days, at 200 r.p.m. and 30 8C. During the reaction, a 50 ml aliquot was taken daily, extracted with an equal volume of watersaturated n-butanol and subjected to TLC analysis. TLC was performed using 60F 254 silica gel plates (Merck) with CHCl 3 /CH 3 OH/H 2 O (65 : 35 : 10, v/v, lower phase) as the solvent. The spots on the TLC plates were detected by spraying with 10 % (v/v) H 2 SO 4 followed by heating at 110 8C for 5 min.
Cells of Gsoil 636
T were Gram-reaction-negative, aerobic, heterotrophic, non-motile, non-spore-forming and rodshaped (measuring 0.4-0.5 mm60.8-1.3 mm; Fig. S1 , available in the online Supplementary Material). The colonies grown on R2A agar plates for 5 days were smooth, circular, convex, opaque, yellow and 2-3 mm in diameter. On R2A agar, Gsoil 636
T was able to grow at 18-30 8C and pH 6.0-8.0. Growth occurred in the presence of 1 % (w/v) NaCl. A time-course study of the biotransformation of the ginsenoside Rb 1 by Gsoil 636 T showed that ginsenoside Rb 1 was completely transformed into F 2 after 5 days (Fig. S2) . The morphological, physiological and biochemical characteristics of Gsoil 636 T are given in the species description and Table 1 . The phenotypic and chemotaxonomic characteristics that differentiate the Gsoil 636
T from other species of the genus Flavisolibacter are listed in Table 1 .
Genomic DNA of the novel strain and two reference strains was extracted and purified, as described by Moore & Dowhan (1995) and enzymically degraded into nucleosides. The DNA G+C content was then determined as described by Mesbah et al. (1989) , using a reverse-phase HPLC system (Younglin). Cellular fatty acid profiles were determined using cells grown on R2A agar for 5 days at 30 8C. The cellular fatty acids were saponified, methylated and extracted according to the protocol of the Sherlock Microbial Identification System (MIDI). They were then identified by capillary GLC, using version 6.0 of the Microbial Identification software package (MIDI) the TSBA60 database (Sasser, 1990) and a model 6890 chromatograph (Hewlett Packard). Cell biomass of Gsoil 636 T for isoprenoid quinones was obtained from cultures grown on R2A broth for 5 days at 30 8C. Collected cells were lyophilized for 24 h and were extracted with chloroform/methanol (2 : 1, v/v), evaporated under vacuum and reextracted in n-hexane/water (1 : 1, v/v). The crude n-hexane-quinone solution was purified using a Sep-Pak Vac silica cartridge (Waters) and subsequently analysed by HPLC, as previously described (Hiraishi et al., 1996) .
The DNA G+C content of Gsoil 636 T was 48.9 mol%, similar to those of Flavisolibacter ginsengiterrae Gsoil 492 T , Flavisolibacter ginsengisoli Gsoil 643 T and Flavisolibacter rigui 02SUJ3
T . The predominant respiratory quinone of Gsoil 636 T was menaquinone 7 (MK-7), in line with the phenotype of all other members of the genus Flavisolibacter. The cellular fatty acids of Gsoil 636 T and related type strains are listed in Table S1 . The major fatty acids of Gsoil 636 T were iso-C 15 : 0 (24.4 %), summed feature 3 (comprising C 16 : 1 v6c and/or C 16 : 1 v7c, 21.9 %) and iso-C 17 : 0 3-OH (10.5 %), which were typical of those of members of the genus Flavisolibacter. However, qualitative and quantitative differences in fatty acid content could be observed between Gsoil 636
T and its phylogenetically closest relatives.
On the basis of the evidence from this polyphasic taxonomic study, Gsoil 636 T should be classified as representing a novel species of the genus Flavisolibacter, for which we propose the name Flavisolibacter ginsenosidimutans sp. nov.
Description of Flavisolibacter ginsenosidimutans sp. nov.
Flavisolibacter ginsenosidimutans (gin.se.no.si.di.mu9tans. N.L. neut. n. ginsenosidum, ginsenoside; L. part. adj. mutans, transforming, converting; N.L. part. adj. ginsenosidimutans, ginsenoside-converting).
Cells are Gram-reaction-negative, aerobic, heterotrophic, non-motile, non-spore-forming, rod-shaped (0.4-0.5 mm in diameter and 0.8-1.3 mm in length) after culture on R2A agar for 5 days. The colonies grown on R2A agar plates for 5 days are smooth, circular, convex, opaque, yellow and 2-3 mm in diameter. Grows on R2A at 18-30 uC and at pH 6.0-8.0. but not at 10 uC and 37 uC. Optimum growth occurs at 25-30 uC and at pH 7.0. Growth occurs up to the presence of 1 % (w/v) NaCl. Growth also occurs on nutrient agar, but not on MacConkey and TSA. Catalase and oxidase are positive. Negative for hydrolysis of starch, CM-cellulose, Tween 20, Tween 80 and DNA. Nitrate is not reduced. Carbon assimilation tests as a sole carbon sources (API 20NE) and enzyme activities (API ZYM) are given in Table 1 . Sensitive to the following antibiotics (mg per disc, unless otherwise indicated) penicillin (10 IU), nalidixic acid (30 mg), cephalothin Yoon & Im, 2007; Baik et al., 2014) . All strains were Gram-reaction-negative, non-motile and rod-shaped. With API 20 NE kits, all strains were positive for b-glucosidase (aesculin hydrolysis), protease (gelatin hydrolysis) and b-galactosidase (PNPG). All strains were negative for indole production, acid production from glucose, activities of arginine dihydrolase and urease and assimilation of 
